Abstract. Path integration is a process that enables a moving animal to memorize the location of the starting point of its outward path relative to its current position by continuously processing motion-related information collected en route (route-based information). There has been no evidence, however, that path integration could be used by a swimming animal, even in aquatic or amphibious species. I conducted water maze experiments to test whether rats, Rattus norvegicus, can rely on path integration while swimming, in order to return to a hidden escape platform after circular outward paths ranging from 60 to 300 . Rats proved able to perform the task in a few days. No systematic errors in the distribution of return directions could be observed. In contrast, there was a fairly large random error (about 55 ), which, surprisingly, did not depend on the outward path length. Comparison with walking rats could not be made because of the lack of published data. However, results for walking hamsters, Mesocricetus auratus, showed that their random errors are slightly smaller than those made by swimming rats. Such large errors are likely to prevent rats as well as hamsters (and presumably any swimming or walking mammal) from using path integration over long outward paths.
Path integration is an updating process that enables a moving animal to keep track in its memory of the location of the starting point of its outward path with respect to its current position by continuously processing route-based information. The existence of such a process by which an animal can home without relying on familiar landmarks was suggested by Darwin (1873) who made an analogy with the dead reckoning method used by human navigators. However, few theoretical and experimental studies have focused on this process (review in Maurer & Séguinot 1995) . A way of formalizing path integration is to use the following differential equations that specify the apparent movement of the starting point as a function of the animal's movements (Benhamou & Séguinot 1995) :
where and D are the head-referred direction and bee-line distance to the starting point, respectively, s is the curvilinear abscissa (i.e. the travelled path length), is the direction of movement and t is the time (so d /dt and ds/dt are the animal's momentary angular and linear speeds, respectively; angular values and should be expressed in radians). When the starting point corresponds to a hidden goal to which the animal intends to return later, its apparent movement cannot be directly perceived and should therefore be inferred by using route-based information (signals about angular and linear speeds). The location of this hidden goal is then determined and updated in memory simply by summing (integrating) the inferred apparent movement of the starting point over the travelled path (see Benhamou & Séguinot 1995 for equivalent discrete step formulations). It clearly appears from these two interdependent formulas that path integration is a process easy to implement only when the animal is turning on the spot (dD/dt=0, d /dt= d /dt; i.e. only the headreferred direction needs to be updated using rotational information) or when it is moving towards ( =0) or opposite to ( = ) the starting point (d /dt=0, dD/dt= ds/dt; i.e. only the
